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SIMMARY STATEMENT 


U1 

This report covers the first quarter of a one-year program designed to 
research and perfect a method of producing anti ref lective coatings on large glass 
sheets through the use of sodium silicate hardened by exposure to acid. 

To date, the requirements for a linear motion device used to produce rni- 
fom sodium silicate films have been determined. A search for a commercially 
available device is underway. On the basis of earlier work, sodium silicate 
solutions of varying concentrations have oeen prepared. Determinations of the 
physical properties relevant to film thickness are in progress. In addition, 
material costs are being recorded for later use in a cost analysis of 
the method. 

All tasks of the project are proceeding according to schedule. Of the 
tasks, only the sodium silicate solution preparation is complete. 

2.0 INTRODUCTION 

The ultimate goal of the project is the improvement of the efficiency of 
photovoltaic modules through increased transmission of light by the module cover. 
One method of increasing transmission is by reducing the reflection of light by 
the module cover, a reflection which accounts for a loss of transmission for 
each coverg I ass-air interface. 

This study is intended to advance a known anti ref lection +echnology to 
the point where large area glass module covers can be treated to produce uniform, 
efficient, and durable anti ref lective films. 
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3.0 


TECHNICAL DISCUSSION 


3.1 METHOD OF PRODUCTION 

The desired an+Iref lective coating can be produced in a two-step process. 
The first step involves the film formation. Clean dry glass is immersed in a 
sodium silicate solution and is then withdrawn slowly at constant speed. An 
expression for film thickness produced in this way has been derived by Levich 
(Physicochemical Hydrodynamics, p. 674) as follows: 


h o = 0,95 1/6 V) 


2/3 


(P9> 


1/2 


where h Q = film thickness a = surface tension 

y = viscosity p = density 

v = withdrawal speed g = acceleration of gravity 

Both withdrawal speed and the several physical properties of the solution influence 

the thickness, and therefore effectiveness, of the anti ref lective film. It is 

also anticipated that humidity of the atmosphere in contact with the film will 

have some effect on its thickness, and as a result provisions for a control led 

atmosphere are desirable. 

After withdrawal and air drying for a few moments, the glass is immersed 
in concentrated sulfuric acid. The acid converts the sodium silicate film to 
silicon dioxide and sodium sulfate. This constitutes the anti ref lective film. 

A water rinse to remove residual acid, and a drying step, complete the process. 
Although the sodium sulfate which is formed in the film is water soluble. Its 
leaching away by rain (in an installed module) has been determined to cause no 
degradation of the film performance. In fact, a slight increase in anti ref lecti ve 
properties is noted in films from which sodium sulfate is leached. 
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The process as described above Is applicable to cover plates of any size, 
and can handle several plates at once If a suitable holder Is used to sjpport the 
plates during the withdrawal process. 

3.2 SPECIFIC AREAS OF PROGRESS 

In addition to the acquisition of material and supplies necessary to begin the 
program, progress has been made in the following tasks: Design and Construction 

of a Linear Drive, Preparation of Sodium Silicate Solutions, Determination of 
Solution Physical Properties, and Cost Analysis. 

3.2.1 GLASS SELECTION 

At present, it appears that the thin (1/16”), low iron, Lustraglas brand 
soda-lime glass used in our earlier study (Studies and Testing of Ant I ref lective 
(AR) Coatings for Soda-Lime Glass . JPL Contract No. 954773) is unavailable. We 
have located the same brand of glass in a double thickness (that is, standard 
3/16” thickness), and it has been ordered. The use of thin, low iron glass is 
desirable since its use reduces the effects of light absorption by the glass and 
permits easier measurement of reflection values. 

3.2.2 DESIGN AND CONSTRUCTION OF A LINEAR DRIVE 

The design requirements of a linear drive have been defined and a search is 
now underway for a commercial unit which will serve our purposes at a lower cost 
than a unit built in-house. In the event that a suitable drive is not available, 
the parts necessary to build such a unit are now being catalogued. 
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3.2.3 


PREPARATION OF SODIUM SILICATE SOLUTIONS 


The preparation of sodium silicate solutions Is complete. Both the Humco 
silicate used In an earlier study (Studies and Testing of Anti ref lectlve Coatings 
for Soda-lime Glass . Final Report, JPl Contract No. 954773) and technical grade 
sodium metaslllcate are being used In a separate series of solutions. The 
sodium metaslllcate Is of more definite and reproducible composition than commer- 
cial silicate. In addition, some silicates produced by Diamond Shamrock are now 
being considered for later study. 

3.2.4 DETERMINATION OF SOLUTION PHYSICAL PROPERTIES 

The solutions prepared are now being analyzed for density and viscosity values. 
Measurements are not yet complete. Surface tension measurements are planned and 
will beg i n short ly . 

3.2.5 COST ANALYSIS 

The compilation of material cost data is also in progress. This will be 
used later in the Cost Analysis Task. 

4.0 PROJECTED ACTIVITIES FOR THE NEXT THREE MONTHS 

The next three months will see the acquisition of a linear drive unit. If 
such a unit is not commercially available, component parts will be ordered and 
assembled in-house. 

The sodium silicate solution physical properties measurements will be com- 
pleted and used to calculate first trial withdrawal speeds. 

The production of anti ref lectlve coatings on 4" x 4" glass plates will begin, 
using various combinations of withdrawal speed, silicate concentration, and ambient 
atmosphere. 
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Optical performance of the ant i ref I ect I ve coatings will be evaluated by 
measurements of transmission and reflection of radiation throughout the solar 
spectrum. This will be done using the Cary 17 Spectrophotometer in the Solar 
Energy R&D Optics Lab. 

Coating durability will be tested by abrasion of samples. 

Soil resistance of the coatings will be tested by exposure to inorganic 
and organic soils. Testing of detergent resistance is also planned. 

Cost analysis will continue as information on processing speed, etc., 
becomes available. 

5.0 RECOMMENDATIONS 

No recommendations are made at this time. 

6.0 CURRENT PROBLEMS 

No problems exist at present. 

7.0 WORK PLAN STATUS 

Work is on schedule. 

8.0 ACTION ITEMS 

No urgent action is required on any item. 


9.0 NEW TECHNOLOGY 

No reportable items of new technology have been identified, as yet. 


10.0 PROGRAM AND DOCUMENTATION MILESTONES 

Activities associated with the total program are shown in the Program and 
Documentation Milestone Charts Figures 1 and 2 contained in Appendix i. 
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APPENDIX I 
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